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???????????????????????? (Synthetic Aperture Radar
:SAR)[2]?RPM(Range Points Migration)? [3, 4]???UWB????????
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???????????????FDTD(Fnite Dierence Time Domain)????













2.1.1 ??????? (Synthetic Aperture Radar: SAR)












? 2 ? ???????????
???.?????X?2??????? (x; z)???????????????
???????????? ?????????.????? z > 0??????

















? 2 ? ???????????





????, ???? (X; Y; 0)?????, ?????????????Z???
???????????????????????????. ??? (X;Y; Z)?
?????????? (Xi; Yi; Zi)?????????????????z = 0??
?????????????????Li????? 2.2? z = 0??? 2????
?? Li?????????????? z  0????????????????
? (x; y)??????????????????????????? (x; y)???
???
f(x; y; q; qi) = e
 d(x; y; q; qi)
2
22d (2.2)
????q = (X; Y; Z)?qi = (Xi; Yi; Zi)????d(x; y; q; qi)?????Li? (x; y)
????????????(Xi; Yi; Zi)???????????? (X;Y; Z)???
?????(x; y)??????????????????????????? (x; y)
????????????? F (x; y; q)???????.











(X  Xi)2 + (Y   Yi)2????d? D ????????
??????????? q????????? x? y????????????
(x(q); y(q)) = argmaxF (x; y; q) (2.4)
x; y
????? z??? z(q) =
q
Z2  X(q) X2 + Y (q)  Y 2?????????
???????????????????????.
(q) = F (x(q); y(q); q) (2.5)
(q)  max(qi) (2.6)
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? 2 ? ???????????
???, ??????. ?????RPM??????????????????








? 2.2: z = 0??? 2?????? Li
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???????? z = 0????????????? pL = (X; Y; 0)??????
?????????R???????? (x; y; z)???????????????
? z  0?????????s0(X;Y; Z)????? (x; y; z) = (X; Y; 0)?????
??????s(X; Y; Z)?????????Wiener?????????????
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? 2 ? ???????????
???????????????????????????(X; Y; ZS)?????
?????????????????????????????????????
???????????? (X; Y; ZD)????? 2.4?????????????
?????????????????????????? p1?p2???????







(i = 1; 2) (2.7)

























????j????????????????? prpmi  (xrpmi ; yrpmi ; zrpmi )????





Z21 + (2ZD   Z1)2 + 2(2ZD   Z1)(prpm1   pL)  erpm3;i




1;i   2(erpmn;i  erpm1;i )erpmn;i (2.11)
????????erpm1;i = (prpm1   pL)= k prpm1   pL k??????????? erpmn;i
????????????
erpmn;i =






































????i???????? k????????????????? (Xk;i; Yk;i; Rk;i)
????????????????????Rk(P )? (Xk;i; Yk;i)? P ????
?????????????????
Rk(P ) = argmin
m
k rk;i   r(m)k (P ) k (2.14)
????m  4? (Xk; Yk)?? P ????????????????r(m)k (P )?
??????????????dk;i? (Xk;i; Yk;i)??P ????????????









































































cos 2 cos 2





















SHH + SV V




??SHV ?H??-V ???????????SHH +SV V ??????SHH  SV V
??????SHV ????????????????? 2.11?????????
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? 2 ? ???????????
????????????????????????????????SHH +SV V






? 2 ? ???????????
? 2.10: ?????????????? (?:HH ?:HV ?:VV)
? 2.11: ?????????????? ((a):???? (b):?????)
???? Relation between degree of polarization and Pauli color coded image to
characterize scattering mechanisms?
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? 2.13: ?????????????? (?:??? ?:MP???)








??????????????????? z = 0?????????????
(x; y; z) = (X;Y; 0)??????????? x?? y????????????
?????????????? ???????s0i;j(X;Y; t)????? (X;Y; 0)
?????i(i = x; y)????????????j(j = x; y)??????????
?????????????????t???????????????????
???????s0i;j(X;Y; t)????????????Wiener??????????
Wiener??????? si;j(X; Y; t)??????????
si;j(X; Y; t) =
Z 1
 1
W (!)S 0i;j(X; Y; !)e
j!td! (3.1)




(1  )S20 + jSref(!)j2
S0 (3.2)
???? = 1=f1+q(S=N) 1g????S0??? q??????????Sref(!)?
???????????????????*?????????Wiener??????
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? 3 ? ????????????????
?? S/N?????  ' 1???????????????????? S/N??
???  ' 0???????????????????????????Wiener
??????? si;j(X; Y; t)????????????????????????
? c????R0 = ct=2????? t????????R0????????Wiener
???????? si;j(X; Y;R0)????????? si;j(X; Y;R0)????????












???????????????????????????? (x; y; z) = (0; 0; 0)
?????????????????? 2?? x??y????????a?b?c?




































































































? 3.2???? a? 1:0  a; b; c  3:0???? 0:5???????????
?? 0:5??????????????????Re????????? 3.3??
3.4???? b??? c??????????????????Re????????






? 3 ? ????????????????
???c????????Re????????????????????????


















? 3 ? ????????????????























? 3 ? ????????????????







 = 3,  = 2.0,  = 0.5




























? 3 ? ????????????????
???g0???? 3.6???????????????????????????
Ex?Ey?????????8<: Ex = hErxErx i = h(sAxx + sAyx)(sAxx + sAyx )iEy = hEryEry i = h(sAxy + sAyy)(sAxy + sAyy )i (3.11)
???sAi;j(i = x; y; j = x; y)?Wiener???????????????????
??????????????????????












????TA??????h(sAxy + sAyy)(sAxy + sAyy )i???????????????
?????????? g0?? ???????????????
? 3.7???? a?b??? 1?? 1:0  a; b  3:0???? 0:5?????
???? 2?????? 0:5?????????????????? g0?? ?




??????????? 3.8???? c? 1:0  c  3:0???? 0:5????
????? 2?????? 0:5?????????????????? g0??
?????????c?????????? g0????????????????
?????????? z?????????????x? y??????????
????????????????????????????? 3.9? a = 3:0?




































? 3.7: a?b????????????????? (g0; ; )
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? 3 ? ????????????????













? 3.8: c????????????????? (g0; ; )













 = 3,  = 0.5, 
 = 1
：  = 0° ： = 10° 					 ∶  = 20° 					 ∶  = 30° 					 ∶  = 40°




? 3.9: ????????????????? (g0; ; )
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? 3.10? b = 1:0?c = 0:5? = 0???a? 1:0  a  3:0???? 1:0
??????????????????? sx;x?sx;y?sy;y?????????a?
??????????????????????????????????????
sx;x??????????????? 3.11? a = 1:0?c = 0:5? = 0???b
? 1:0  b  3:0???? 1:0??????????????????? sx;x?
sx;y?sy;y????????????????????????????? sy;y??
??????????????????? 3.12? a = 1:0?b = 0:5? = 0?






?????????????? 3.13? a = 3:0?b = 2:0?c = 0:5????






? 3 ? ????????????????






















































 = 1.0,  = 0.5,  = 0°
 = 1.0								 = 2.0								 = 3.0
? 3.10: a?????????????????Wiener?????? sx;x,sx;y,sy;y


















































 = 1.0,  = 0.5,  = 0°
 = 1.0								 = 2.0								 = 3.0
? 3.11: b?????????????????Wiener?????? sx;x,sx;y,sy;y
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? 3 ? ????????????????

























































 = 1.0,  = 0.5,  = 0°
 = 1.0								 = 2.0								 = 3.0
? 3.12: c?????????????????Wiener?????? sx;x,sx;y,sy;y






 = 3,  = 2.0, 
 = 0.5
 = 0°							 = 20°							 = 40°

























?????????????????? a; b; c = 0:5; 1:0; 1:5; 2:0; 2:5; 3:0?












Stokes????? g0????? ? ??????????Stokes ???????










i=1 jat;i   ae;ijPNe
i=1 jaj
(4.2)
????Ne???????????????? b? c? ??????????
? 4.2? Stokes?????????????????????????????






??? stri;j(X; Y;Rk)(i = x; y; j = x; y)???????????































? 4.1: ?????????????? (Stokes?????)
? 4.1: ?????????????????????? (Stokes????????
????????)













? 4 ? ????????????????????
? 200(KR = 1:44)???R = 4????? 4.3?????????????
?????????????????????
? 4.2?????????????????????????????????
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? 4.3: ?????????????? (??????)
? 4.2: ?????????????????????? (???????????
??????)



























?????????? z = 0????????????? (x; y; z) = (X; Y; 0)??
????????? x?? y????????????????????????





? 5 ? RPM?????????????????















????????????????? (x; y; z) = (0; 0; 0)??????????
FDTD(Finite Dierence Time Doman)??????????????????
???? a; b; c = 0:5; 1:0; 1:5; 2:0; 2:5; 3:0?????? = 0?????
216??????????????????????????? sx;y?????
???????sx;x? sy;y?????????????????????????
??????? RA??????????????1:0  RA  10:0????
1:0????????????????????????Wiener???????
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? 5 ? RPM?????????????????
????????????????? L ????? 5.2? a = 0:5?b = 0:5?















































? 5.4????????????? qk = (Xk; Yk; Rk)(k = 1; :::; NRP)?RPM??
?????????????? pk = (xk; yk; zk)???????????????
????????NRP?RPM???????????????????????
??????? (Line Of Sight:LOS)????????????????????
?????????RPM?????????????? en;k ?????????
en;k =
pk   (Xk; Yk; 0)
jjpk   (Xk; Yk; 0)jj
(5.2)












T = Rk(xk; yk; zk)
T (5.3)
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? 5 ? RPM?????????????????






















x;k   eroty;k sin rotk Ckeroty;kerotz;k + erotx;k sin rotk Ckerot2z;k + cos rotk
1CCA(5.4)
????erotn;k = (erotx;k; eroty;k; erotz;k)????erotn;k = ez  en;k ?????rotk ? ez? en;k





?????	??????????????8<: 0  	  2 
2
   E
????E????????????????? 5.6?E = 49???????
???????????
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?? 1) sx;x(Xk; Yk; Rk)?????????????????qx;x;k????RPM
????????????? pk = (xk; yk; zk)(k = 1; :::; NRP)????
?? 2) pk ?????????? stri;j;k(X;Y;R)??????????????
??s0tri;j;k(X; Y;R)?????
?? 3) s0tri;j;k(X; Y;R)?????????????????(ak; bk; ck; k)???
???




? 5 ? RPM?????????????????
?????
?? 6) ????????????? 1?? 5??????
????????????? 5.7????
Extraction of  part of  estimated ellipsoid
Target boundary estimation by RPM
Target point : 
Extraction of time-series data 
,,
 ,  ,  for 
and ellipsoid is estimated by 
trained neural network
Translating and rotating ellipsoid

















??????????si;j;m(X;Z; t)????? s0i;j(X;Z; t)??????????




????????????????FDTD(Finite Dierence Time Doman)???
???
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? 6 ? ???????????





















? 6.1: ???? ((a):??? (b):???? (c):?? (d):????)
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? 6 ? ???????????
6.2 ???????RPM?????
???????????????????????????RPM???????
?????????????????????????????? 2:5  x  2:5
??? 2:5  y  2:5???? 0:2??????????????????
?????????????Wiener???????????? si;j(X;Y;R0)(i =
x; y; j = x; y)???????????????? (3.3)????????????
? qi;j = (X;Y;R)?????????? = 0:02??????????????


















































? 6.3: RPM??????? (???????S/N=1dB)
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? 6.5: RPM??????? (??????S/N=1dB)
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? 6 ? ???????????
6.3 ???????
?????RPM?????????????????????????????





??????? 2:5  x  2:5??? 2:5  y  2:5???? 0:5???








i; j = x; y???S/N=20dB????????????????i; j = x; x???




? (6.1)? i; j = x; x??? i; j = y; y???S/N=30dB????????????



















? 6.7: ?????????? (S/N=1dB)
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? 6.9: ?????????? (S/N=20dB:sxy)
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? 6.11: ?????????? (S/N=30dB:sxx; syy)
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i; j = x; y???S/N=20dB????????????????i; j = x; x???




??? (6.1)? i; j = x; x??? i; j = y; y???S/N=30dB??????????

















? 6.13: ?????????? (S/N=1dB)
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? 6.15: ?????????? (S/N=20dB:sxy)
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? 6.17: ?????????? (S/N=30dB:sxx; syy)
56











i; j = x; y???S/N=20dB????????????????i; j = x; x???




??????? (6.1)? i; j = x; x??? i; j = y; y???S/N=30dB??????















 ⁄  ⁄
? 6.19: ?????????? (S/N=1dB)
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 ⁄  ⁄
? 6.21: ?????????? (S/N=20dB:sxy)
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 ⁄  ⁄
? 6.23: ?????????? (S/N=30dB:sxx; syy)
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?????? Sest???????????? Strue??????????? Pa?
Pa = Sest=Strue??????Pa??????????????????????
????????????????????????????????????






? 6.1: ???? e  0:1??????
S/N 1 dB 20 dB(sx;y) 30 dB(sx;x; sy;y)
Target ??? ???? ?? ??? ???? ?? ??? ???? ??
RPM? 100.0 76.0 100.0 100.0 86.0 100.0 100.0 83.5 98.3
??? 98.9 58.4 76.9 96.0 52.0 70.3 62.6 50.7 60.3
61
? 6 ? ???????????
? 6.2: ????????????? Pa
S/N 1 dB 20 dB(sx;y) 30 dB(sx;x; sy;y)
Target ??? ???? ?? ??? ???? ?? ??? ???? ??
RPM? 10.0 2.7 3.5 10.0 2.9 3.9 8.3 2.7 4.6
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